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/LJKWZHLJKWFRPSRQHQWVDUHGHVLJQHGWRLQFUHDVHWKH
HQHUJ\HIILFLHQF\RIYHKLFOHFRQVWUXFWLRQ0DJQHVLXPLV
RQH RI WKHPRVW LPSRUWDQW OLJKWZHLJKWPDWHULDOV GXH WR
LWV ORZ GHQVLW\ DQG LWV XVHV DUH QRW IXOO\ GHYHORSHG
\HW>@ ([WUXGHG PDJQHVLXP SURILOHV ZLWK FRPSOH[
VKDSHV DUH ZLGHO\ XVHG LQ DHURVSDFH QXFOHDU
DXWRPRWLYH DQG RWKHU HQJLQHHULQJ DSSOLFDWLRQV 7KH
WKLQZDOOHG VWUXFWXUHV FDQ EH DVVHPEOHG E\ GHWDFKDEOH
MRLQWV WR UHDOL]H D VSHFLILF IXQFWLRQ LQ WKH OLJKWZHLJKW
FRQVWUXFWLRQ
7KH PDQXIDFWXULQJ SURFHVV RI IORZ GULOOLQJ LQ
FRPELQDWLRQ ZLWK WKUHDGLQJ PDNHV LW SRVVLEOH WR
DVVHPEOH WKLQZDOOHG OLJKWZHLJKW VWUXFWXUHV >@ ,Q WKLV
DUWLFOH WKH IHDVLELOLW\ RI D QHZ DSSOLFDWLRQ RI IORZ
GULOOLQJ RQ PDJQHVLXP ZURXJKW DOOR\ $= LV
LQYHVWLJDWHG IRU ZLGHQLQJ WKH VFRSH RI XVLQJ WKLV
PDWHULDOIRUIORZGULOOLQJSURFHVV
,QWKHEHJLQQLQJWKHVWDQGDUGIORZGULOOLQJSURFHVVLV
GLVFXVVHG,WLVDIRUPLQJSURFHVVZKLFKSURGXFHVKROHV
LQWKLQZDOOHGZRUNSLHFHVZLWKRXWJHQHUDWLQJFKLSV7KH
DLPRI WKLVPHWKRG LV WR LQFUHDVH ORFDO WKLFNQHVVRI WKH
ZRUN SLHFH IRU WKUHDGLQJ VR WKDW DYDLODEOH FODPS ORDG
FDQDOVREHLQFUHDVHG,QFRPELQDWLRQZLWKDVXEVHTXHQW
WKUHDG SURGXFWLRQ WKH IORZ GULOOLQJ SURYLGHV WKH
RSSRUWXQLW\ WR JHQHUDWH D GHWDFKDEOH FRQQHFWLRQ LQ WKH
IRUPRIDQLQWHUQDOWKUHDGRQDWKLQZDOOHGZRUNSLHFHRU
PXOWLFKDPEHUKROORZSURILOHV>@
)LJ  LOOXVWUDWHV W\SLFDO VWDJHV RI IORZGULOOLQJRQ D
GXFWLOHVKHHWPHWDOVSHFLPHQ ,Q WKLVSURFHVVD URWDWLQJ
FRQLFDOWRROLVPDGHWRSHQHWUDWHDWKLQZDOOHGVSHFLPHQ
OHDGLQJ WR WKHJHQHUDWLQJRI IULFWLRQKHDWZKLFKUHGXFHV
WKH WHQVLOH VWUHQJWK DQG DV D UHVXOW SODVWLF GHIRUPDWLRQ
WDNHV SODFH $IWHU WKH WRRO SHQHWUDWHV WKH PHWDO VKHHW
WKHUH LVQRPDWHULDO LQ IURQWRI WKH WRRO WLS )LJ ,,,
'XULQJ IORZGULOOLQJ EDFNH[WUXGHGZRUNSLHFHPDWHULDO
LVJHQHUDWHGDQGLWLVIODWWHQHGE\WKHWRROVKRXOGHUXSRQ
UHDFKLQJ WKH GULOO GHSWK VR WKDW D SODLQ DUHD IRU VFUHZ
FRQQHFWLRQFDQEHSURGXFHG$QRSHQHGEXVKLVIRUPHG
LQ WKH IHHG GLUHFWLRQ LQ D VLQJOH VWHSZLWKRXW DQ\ FKLS
$Q LQWHUQDO WKUHDG FDQ EH PDFKLQHG LQ WKLV EXVK 7KH
XOWLPDWH WKLFNQHVV RI WKH KROH JHQHUDWHG LQ WKH IORZ
GULOOLQJ LV JUHDWHU WKDQ WKH WKLQ ZDOOHG ZRUNSLHFH
WKLFNQHVV >@ 'LUHFWO\ PDQXIDFWXULQJ RI MRLQWV LV DQ
HFRQRPLFDO DQG WLPH HIILFLHQW SURFHVV FRPSDUHG WR
FRQYHQWLRQDO WDSSLQJ $ MRLQW FDQ EH GLUHFWO\
PDQXIDFWXUHG ZLWKRXW WKH XVH RI QXWV RU WKUHDGHG
EXVKLQJ
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)LJ)ORZGULOOLQJVWDQGDUGDSSOLFDWLRQ>@
3UHYLRXV VWXGLHV GHDOW ZLWK IORZ GULOOLQJ RQ WKH
FRQYHQWLRQDO DSSOLFDWLRQ RI WKLV PDQXIDFWXULQJ
WHFKQLTXHLQZKLFKDQRSHQHGEXVKLVIRUPHG7KHODWHVW
UHVHDUFK VKRZV WKDW D FORVHG IORZGULOOHG KROH FDQ EH
PDFKLQHG LQ WKLQZDOOHG SURILOH ZLWK WKH VDPH WRROV
XVHG LQ FRQYHQWLRQDO DSSOLFDWLRQV >@)LJ  UHSUHVHQWV
WKHSURFHVVVHTXHQFHDQGZRUNSLHFHVFRQQHFWHGE\XVLQJ
MRLQWV PDGH WKURXJK WKLV QHZ DSSOLFDWLRQ RI IORZ
GULOOLQJ 7KH WKLQZDOOHG ZRUNSLHFH WR EH PDFKLQHG LV
FODPSHGRQWKHYLFHYHUWLFDOO\ZLWKWKHWKLQZDOOIDFLQJ
WKHWRRO$URWDWLQJWRROLVIHGLQWRWKHZRUNSLHFHZLWKD
FRQVWDQW IHHG UDWH ,Q WKLV SURFHVV WKH IULFWLRQEHWZHHQ
WKHWRRODQGWKHZRUNSLHFHJHQHUDWHVIULFWLRQDOKHDWDQG
LWVRIWHQVWKHPDWHULDO

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7KUHDGHG MRLQWV0DWHULDO(1$:>,6)78'RUWPXQG@

)LJ)ORZGULOOLQJQHZDSSOLFDWLRQ>@
&RPSDUHG WR WKH FRQYHQWLRQDO DSSOLFDWLRQ RI IORZ
GULOOLQJ WKHUH LV DOZD\V VRPH PDWHULDO LQ FRQWDFW ZLWK
WKH WRRO WLS )LJ  ,,  ,9 )RU IRUPLQJ D EOLQG KROH
WKLV PDWHULDO PXVW EH GLVSODFHG E\ WKH WRRO LQ UDGLDO
GLUHFWLRQ 7KH IODW SURILOH LV H[SDQGHG ORFDOO\ )LQDOO\
WKHWRROUHWUDFWVDQGOHDYHVDKROHZKRVHGHSWKH[FHHGV
WKH ORFDO WKLFNQHVV VLJQLILFDQWO\$IWHU WKH IORZGULOOLQJ
SURFHVV DQ LQWHUQDO WKUHDG FDQ EH PDFKLQHG E\ WKUHDG
IRUPLQJ LQWR WKH EOLQG KROH ZKRVH VL]H DQG GHSWK DUH
JUHDWHUWKDQWKHORFDOWKLFNQHVVVLJQLILFDQWO\DVZHOO7KH
ZRUNSLHFHFDQEHMRLQHGZLWKVFUHZV
7KLV QHZ PHWKRG IRU JHQHUDWLQJ D MRLQW ZLWK IORZ
GULOOLQJ LV XVHIXO IRU PDFKLQLQJ RI WKLQ ZDOOHG IODW
SURILOHVRUPXOWLFKDPEHU KROORZSURILOHV E\ZKLFK LWV
HQGRU VWLIIHQLQJ ULEV FDQ EH XVHG GLUHFWO\ >@(QWLUHO\
QHZ RSSRUWXQLW\ LV FUHDWHG IRU WKH DVVHPEO\ 'XULQJ
IORZ GULOOLQJ QR FKLSV DUH JHQHUDWHG ZKLFK LV PRUH
EHQHILFLDO IRUPDJQHVLXPPDFKLQLQJ DV WKHPDJQHVLXP
FKLSVPD\SUHVHQWILUHULVNV>@
([SHULPHQWDOVHWXSFRQGLWLRQVDQGSURFHGXUH
7R JHW EDVLF NQRZOHGJH DERXW WKH IORZ GULOOLQJ RI
PDJQHVLXP DOOR\ ZURXJKW $= H[SHULPHQWDO
LQYHVWLJDWLRQVZHUHFDUULHGRXWDQGDUHOLVWHGEHORZ

x 'HWHUPLQLQJWKHPHFKDQLFDOORDGVLQIORZGULOOLQJ
x PHDVXUHPHQWV RI WHPSHUDWXUHV E\ GULOOLQJ DQG
IROORZHGWKUHDGLQJDQG
x H[DPLQDWLRQRIWKUHDGHGSURILOH

7ZR )ORZGULOO WRROV ZLWK WKH GLDPHWHU ' PP
DQG' PPZHUHXVHGIRUWKLVLQYHVWLJDWLRQ)LJ
VKRZV WKHJHRPHWU\RI WKHVH WRROV7KH WRROPDWHULDO LV
WXQJVWHQ FDUELGH LQ FREDOW PDWUL[ )RU WDSSLQJ
0,62PHWULF D KROH GLDPHWHU RI ' PP DQG IRU
WKH WKUHDG IRUPLQJ D GLDPHWHU RI ' PP DUH
UHTXLUHG>@

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)LJ7RROJHRPHWU\
7KUXVW DQG WRUTXH DUH WKH PDLQ IDFWRUV LQ IORZ
GULOOLQJ )RU WKH GHWHUPLQDWLRQ RI PHFKDQLFDO ORDGV LQ
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WKLV SURFHVV D *52%%=&6PDFKLQLQJ FHQWHU ZDV
XVHG$VFKHPDWLFRYHUYLHZRIWKHH[SHULPHQWDOVHWXSLV
VKRZQLQ)LJ 7KHVSHFLPHQZDVKHOG LQDK\GUDXOLF
YLFH $ .LVWOHU SLH]RHOHFWULF GULOOLQJ G\QDPRPHWHU
PRGHO7\S$ZKLFKLVWKHWRROKROGHUDW WKHVDPH
WLPH ZDV XVHG WR PHDVXUH WKH D[LDO WKUXVW IRUFHV DQG
WRUTXH GXULQJ IORZ GULOOLQJ 7DEOH  SUHVHQWV WKH
SDUDPHWHUV LQ IORZ GULOOLQJ 7RRO 1U )LJ  ZLWK
PPGLDPHWHUZDV XVHG XQG WZR GLIIHUHQW WKLFNQHVVHV
RI WKH VSHFLPHQ ZLWK WZ PP DQG WZ PP ZHUH
VWXGLHG $ SHULSKHUDO VSHHG RI YS PPLQ DQG WZR
IHHG UDWH RI Y)  PPPLQ DQG Y) PPLQ
ZHUH DSSOLHG 1R OXEULFDQW ZDV XVHG GXULQJ WKH
H[SHULPHQW
7DEOH0HDVXUHGWKUXVWIRUFHVDQGWRUTXHSDUDPHWHUV
7RROGLDPHWHU
'LQPP
7KLFNQHVV
WZLQPP
3HULSKHUDO
VSHHG
Y3LQPPLQ
)HHGUDWH
YILQPPPLQ
' 
WZ 
Y3 
YI 
WZ  YI 

7RRO 5RWDWLQJ
'\QDPRPHWHU
6WDWRU
&RQQHFWLQJ &DEHO
:RUNSLHFH
6SLQGOH
9LFH

)LJ([SHULPHQWDOVHWXS)ORZGULOOLQJRQ$=
,Q IORZ GULOOLQJ WHPSHUDWXUHV QHDU WR WKH PHOWLQJ
SRLQW RI ZRUNSLHFH PDWHULDO FDQ EH DFKLHYHG >@ 7KH
WHPSHUDWXUH JHQHUDWHG LQ WKLV SURFHVV PD\ UHDFK YHU\
KLJKYDOXHV WKDWPD\IXUWKHU OHDG WR ILUHKD]DUGVKHQFH
LQ RUGHU WR NHHS WKH SURFHVV LQ FKHFN FRQWLQXRXV
PRQLWRULQJRIWHPSHUDWXUHLVUHTXLUHG>@,WLVWKHUHIRUH
LPSRUWDQW IRU D UHOLDEOH SURFHVV WR PHDVXUH WKH
WHPSHUDWXUHGXULQJIORZGULOOLQJ
)RU GHWHUPLQLQJ SURFHVV WHPSHUDWXUH GXULQJ WKH
SURFHVV DQ ,QIUD7HF LQIUDUHG FDPHUDPRGHO ,PDJH,5
ZDVXVHG)LJ SUHVHQWV WKLVH[SHULPHQWDOVHWXS
7KH VDPH PDFKLQH DV VKRZQ LQ )LJ WKDW LV XVHG WR
GHWHUPLQH WKH IRUFH DQG WKH PRPHQW LV HPSOR\HG IRU
GHWHUPLQLQJWKHWHPSHUDWXUHZLWKH[SHULPHQWDOVHWXSDV
VKRZQLQ)LJ7RLVRODWHWKHHQYLURQPHQWDOLQIOXHQFH
WKHWUDQVPLVVLRQGLVWDQFHEHWZHHQWKHZRUNSLHFHDQGWKH
FDPHUDRXWVLGHWKHPDFKLQHZDVVKLHOGHG)RUDWWDLQLQJD
KLJKGHJUHHRI WUDQVPLVVLRQDQG WR VHFXUHH[SHULPHQWDO
VHW XS D VDSSKLUH JODVV ZDV XVHG 7KH WHPSHUDWXUHV
RXWVLGHRIWKHERUHZDOOZHUHPHDVXUHGGXULQJWKHIORZ
GULOOLQJ,QRUGHU WRJHWDKLJKHPLVVLYLW\ WKHERUHZDOO
ZDV FRDWHG ZLWK D EODFN FRORU 7KH PHDVXUHG
WHPSHUDWXUHVZHUHWKHQHYDOXDWHGGLJLWDOO\

,QIUDUHG
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
)LJ([SHULPHQWDOVHWXS0HDVXUHPHQWVRIWHPSHUDWXUHV
7RILQGWKHLQIOXHQFHRIWRROGLDPHWHURQWKHWKHUPR
PHFKDQLFDO ORDGV WZR IORZGULOOLQJ WRROVZLWKGLIIHUHQW
GLDPHWHUV RI ' PP DQG ' PP ZHUH XVHG
7KHVH H[SHULPHQWVZHUH SHUIRUPHGZLWK YS PPLQ
DQGY) PPPLQ7KHZRUNSLHFHKDVDWKLFNQHVVRI
WZ PP1ROXEULFDQWZDVXVHGLQGULOOLQJ
$IWHU WKH WHPSHUDWXUH PHDVXUHPHQW GXULQJ IORZ
GULOOLQJ WKUHDG WDSSLQJ DQG IRUPLQJ KDYH EHHQ XVHG WR
SURGXFH WKUHDGVZLWK VL]H0 ,62PHWULF LQ WKH KROHV
/LTXLG OXEULFDWLRQ KDV EHHQ XVHG GXULQJ WKH
H[SHULPHQWDWLRQ 7KH WHPSHUDWXUHV GXULQJ WKUHDGLQJ
ZHUH PRQLWRUHG ZLWK DQ LQIUDUHG FDPHUD DV ZHOO 7R
H[DPLQH WKH WKUHDG SURILOH ERUH ZDOO LV UHPRYHG E\
PLOOLQJ
$QDO\VLVRIH[SHULPHQWDOUHVXOWV
3.1. Thrust force and torque in flow drilling 
)LJ  DQG )LJ  SUHVHQW WKHPHDVXUHG WKUXVW IRUFH
DQGWRUTXHGXULQJWKHH[SHULPHQWRIIORZGULOOLQJRQWKH
VSHFLPHQ ZLWK WKH WKLFNQHVV RI WZ PP DQG
WZ PP )RU D EHWWHU XQGHUVWDQGLQJ WKH\ DUH
FRPELQHG ZLWK WKH JHRPHWU\ RI WKH XVHG WRRO 7KH
SURFHVV LV VKRZQ EDVHG RQ WKH WLPH DQG DOO SURFHVVHV
KDYHVLPLODUVKDSHV
$W WKHEHJLQQLQJRIGULOOLQJ WKHFHQWHU UHJLRQRI WKH
WRROHQWHUV WKHPDWHULDO7KHWKUXVWIRUFHDQG WRUTXHDUH
ORZ EHFDXVH WKH FRQWDFW DUHD EHWZHHQ WKH WRRO DQG
PDWHULDO LVDOVR ORZ7KHIULFWLRQDOKHDWLQJUHPDLQV ORZ
DVZHOO
:LWKLQFUHDVHGGULOOGHSWKWKHFRQLFDOSDUWRIWKHWRRO
LV SHQHWUDWHG LQWR WKH ZRUNSLHFH PDWHULDO 7KH FRQWDFW
DUHD LQFUHDVHV DQG DV D UHVXOW PRUH IULFWLRQDO KHDW LV
JHQHUDWHG DQG WKH WHPSHUDWXUH LQ WKH FRQWDFW ]RQH
FRQWLQXHV WR ULVH 7KH WKUXVW IRUFH UHDFKHV LWV ILUVW
PD[LPXP YDOXH DQG UHGXFHV DJDLQ EHIRUH WKH FRQLFDO
UHJLRQ KDV FRPSOHWHO\ HQWHUHG LQ WKH ZRUN SLHFH 7KH
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WRUTXHLQFUHDVHVDOPRVWOLQHDUO\,QWKLVVWDJHWKHSURILOH
ZDOOLVH[SDQGHGSDUWO\E\WKHWRRO
$V WKH F\OLQGULFDO UHJLRQ RI WKH WRRO LV HQJDJHG WKH
WKUXVW IRUFH DQG WRUTXH UHPDLQ DW D FRQVWDQW OHYHO ,W
FRXOGEHDVVXPHG WKDW DTXDVLVWDEOHGHIRUPDWLRQ]RQH
LV GHYHORSHG LQ WKH FHQWHU DQG FRQLFDO UHJLRQ 7KLV
GHIRUPDWLRQ ]RQH PRYHV ZLWK WKH WRRO LQ WKH IHHG
GLUHFWLRQ7KHSURILOHZDOO LVFRQWLQXRXVO\H[SDQGHGE\
WKH WRRO DQG D FORVHG ERUH LV ILQDOO\ IRUPHG E\ WKH
F\OLQGULFDO SDUW RI WKH WRRO ,Q WKLV FDVH WKH F\OLQGULFDO
SDUWPDLQWDLQVWKHVKDSHRIWKHERUHZDOODQGWKHUHIRUHLW
GRHVQRWKDYHPXFKHIIHFWRQIULFWLRQ7KHGHIRUPDWLRQ
ZRUNLVVXEVWDQWLDOO\GRQHE\WKHIURQWSDUWRIWKHWRRO
-XVWEHIRUH WKHSURFHVV LVRYHU DQG WKH UHTXLUHGGULOO
GHSWKLVDWWDLQHGWKHWKUXVWIRUFHKDVUHDFKHGLWVVHFRQG
SHDN DQG WKH WRUTXH LV DW LWV PD[LPXP DV ZHOO 7KLV
KDSSHQV EHFDXVH RI WKH VKRXOGHU RI WKH WRRO ZKLFK LV
DOUHDG\PDUNHGLQ)LJSXVKHVWKHEDFNH[WUXGHGZRUN
PDWHULDO LQDQGIODWWHQV LW)RU WKLVUHDVRQ WKH WRUTXHDW
WKH HQG RI WKH SURFHVV LV HYHQ ODUJHU WKDQ GXULQJ WKH
SURFHVV
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)LJ7KUXVWIRUFHDQGWRUTXHLQIORZGULOOLQJRQWZ PPLQ
$=SURILOH
7KHLQIOXHQFHRIIHHGUDWHDQGZDOOWKLFNQHVVRQIORZ
GULOOLQJFDQDOVREHVHHQIURP WKHPHDVXUHPHQW/DUJHU
IRUFHVDQGPRPHQWVRFFXUPDLQO\ZKHQWKHIHHGUDWHLV
LQFUHDVHG,WFDQEHFRQILUPHGDWWKHERWKWKLFNQHVV$Q
H[SODQDWLRQ RI VXFK LV WKH KLJK IRUPLQJ VSHHG E\ KLJK
IHHGUDWH
7KHLQIOXHQFHRIWKHZDOOWKLFNQHVVRQWKUXVWIRUFHLQ
IORZ GULOOLQJ LV FRPSOLFDWHG LQ FRPSDULVRQ WR WKH IHHG
UDWH $W D ORZ IHHG UDWH RI YI PPPLQ WKH
PHDVXUHG WKUXVW IRUFHV RI GULOOLQJ DW WZ PP DQG
WZ PP $= VKRZ VLPLODU WUHQG 2QO\ DW KLJKHU
IHHG UDWH RI YI PPPLQ WKH WZR FXUYHV FDQ EH
GLVWLQJXLVKHG IURP HDFK RWKHU DQG WKH WUHQG VKRZV D
IDOOLQJ WKUXVW IRUFHZLWK LQFUHDVLQJZDOO WKLFNQHVV 7KH
WRUTXH DOZD\V LQFUHDVHVZLWK LQFUHDVLQJZDOO WKLFNQHVV
EHFDXVH PRUH ZRUN LV QHHGHG IRU WKH IRUPLQJ DQG WKH
PRVWRIWKHIRUPLQJZRUNLVGRQHE\WRUTXH>@
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)LJ7KUXVWIRUFHDQGWRUTXHLQIORZGULOOLQJRQWZ PPLQ
$=SURILOH
3.2. Temperatures in flow drilling 
)LJ  VKRZV WHPSHUDWXUH PHDVXUHPHQW UHVXOWV LQ
ZKLFKWKHWHPSHUDWXUHILHOGRIWKHVXUIDFHRXWVLGHRIWKH
ERUH ZDOO FDQ EH LGHQWLILHG ,W VKRZV WKH WHPSHUDWXUH
ILHOG E\ UHDFKLQJ WKH GULOOLQJ GHSWK 7KH VKDSHV RI WKH
WRRO DUH VKRZQ ZLWK WKH VDPH VFDOH DV WKH\ UHDFK WKH
GULOOLQJGHSWK
+LJKHU WHPSHUDWXUHVPD\RFFXU LQVLGHWKHZRUNSLHFH
DQG WRRO LQWHUIDFH UHJLRQV GXULQJ WKH IORZ GULOOLQJ
SURFHVV7KHERUHZDOODURXQGWKHWRROKDVWHPSHUDWXUHV
RYHU & %HFDXVH RI WKH GLVWDQFH EHWZHHQ WKH
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VXUIDFH RI ERUH ZDOO DQG WKH WRRO WKH WHPSHUDWXUHV
EHWZHHQ ZRUNSLHFH PDWHULDO DQG WRRO PXVW EH HYHQ
KLJKHU WKDQ DW WKH VXUIDFH ,Q WKHRU\ PDJQHVLXP
ZURXJKW DOOR\ FDQ EH IRUPHG IURP 7 & >@ DQG
WKHVHWHPSHUDWXUHVDUHVXUSDVVHGLQIORZGULOOLQJ
7KHKLJKHVW WHPSHUDWXUHVFDQEHGHWHFWHGDW WKHDUHD
ZKHUHWKHFRQLFDOUHJLRQRI WKHWRRO LV LQ WKHERUHZDOO
)RUWKLVUHDVRQLWFDQEHDVVXPHGWKDWWKHFRQLFDOSDUWRI
WKHWRROPDNHVWKHPRVWRIWKHGHIRUPDWLRQZRUN,QWKLV
UHJLRQZKHUHWKHWRROWLSDQGF\OLQGULFDOSDUWRIWKHWRRO
DUH ORFDWHG WKH WHPSHUDWXUHV DUH ORZHU$W WKH WRRO WLS
WKHFRQWDFWEHWZHHQWRRODQGWKHZRUNPDWHULDOLVDOZD\V
VPDOO DV FRPSDUHG WR WKH FRQLFDO UHJLRQ RI WKH WRRO
KHQFHORZHUIULFWLRQDOKHDWLVJHQHUDWHG7KHF\OLQGULFDO
UHJLRQRIWKHWRROPDLQWDLQVWKHIRUPHGERUHZDOOGXULQJ
WKH SURFHVV DQG IRU WKLV UHDVRQ WKHUH LV ORZ IULFWLRQ LQ
WKLVDUHDDVZHOOUHVXOWLQJLQQRWVRKLJKWHPSHUDWXUHV

7RROGLDPHWHU6WDJHLQIORZ GULOOLQJ
0DWHULDO 7RROVSHHG
:DOOWKLFNQHVV
$= YS  PPLQ
WZ  PP )HHGUDWH YI  PPPLQ
7PD[ & 7PD[ &
PP
7HPSHUDWXUH 7
   &
5HDFKLQJ GULOOLQJ GHSWK
7RRO
:RUNSLHFH ZDOO
'  PP '  PP

)LJ7HPSHUDWXUHILHOGLQIORZGULOOLQJDQGLQIOXHQFHRIWKHWRRO
GLDPHWHU
(QODUJLQJ WKH WRRO GLDPHWHU OHDGV WR D KLJKHU
WHPSHUDWXUH GXULQJ WKH SURFHVV :LWK WKH ' PP
WRRO D PD[LPXP WHPSHUDWXUH 7PD[ & ZDV
UHFRUGHG8QGHUWKHVDPHSHULSKHUDOVSHHGDQGIHHGUDWH
D KLJKHU PD[LPDO WHPSHUDWXUH 7PD[ &ZDV
UHJLVWHUHG 7KH UHDVRQ LV WKDW PRUH PDWHULDO PXVW EH
IRUPHG ZLWK ODUJHU WRRO LQ IORZ GULOOLQJ ZKLFK PHDQV
PRUHZRUNQHHGVWREHGRQHIRUWKHIRUPLQJRSHUDWLRQ
3.3. Tapping and thread forming 
:LWK WKLV QHZ DSSOLFDWLRQ RI IORZ GULOOLQJ XVDEOH
EOLQG KROHV FDQ EH PDGH RQ WKLQZDOOHG SURILOHV
FRQVLVWLQJRI$=$QLQWHUQDOWKUHDGFDQEHPDFKLQHG
LQWKLVKROHDQGLWVGHSWKLVVLJQLILFDQWO\JUHDWHUWKDQWKH
ORFDOPDWHULDOWKLFNQHVV
,QWKLVDUWLFOHLQDGGLWLRQWRWDSSLQJWKHSRVVLELOLW\RI
WKH WKUHDG IRUPLQJ ZDV H[DPLQHG )LJ  VKRZV WKH
WKUHDGV SURGXFHG E\ WDSSLQJ DQG WKUHDG IRUPLQJ DIWHU
IORZ GULOOLQJ DW D WZ PP VSHFLPHQ 7KUHDGV ZLWK
FORVHG ERUH ZDOO FDQ EH PDFKLQHG 0,62PHWULF
WKUHDGV ZLWK D WKUHDG GHSWK RI / PP FDQ EH
PDFKLQHGDWPDJQHVLXPSURILOHV7KHUDWLRWKUHDGVL]HWR
WKHZDOO WKLFNQHVV WZ LVDQGWKHUDWLR WKUHDGGHSWK/
WRZDOOWKLFNQHVVWZLVHYHQ
6HFWLRQDOYLHZVRIWKHPDFKLQHGWKUHDGVSURGXFHGE\
WDSSLQJDQGWKUHDGIRUPLQJSURFHVVHVDUHVKRZQLQ)LJ
7DSSLQJ LVDPDFKLQLQJSURFHVV WRJHQHUDWH LQWHUQDO
WKUHDGV E\ WDSSLQJ D EHWWHU WKUHDG SURILOH FDQ EH
JHQHUDWHGKHQFH WDSSLQJLVXVHGIRUJHQHUDWLQJWKUHDGV
DIWHUWKHIORZGULOOLQJSURFHVV)LJ7DSSLQJ7KUHDG
IRUPLQJLVDFKLSOHVVSURFHVVDQGLWUHTXLUHVWKHPDWHULDO
WR EH PDFKLQHG PXVW KDYH VXIILFLHQW GXFWLOLW\ &URVV
VHFWLRQRIIRUPHGWKUHDGVKRZVWKDWWKHWKUHDGSURILOHLV
QRW RSWLPDOO\ IRUPHG )LJ 7KUHDGIRUPLQJ ,Q
ORQJLWXGLQDOGLUHFWLRQ WKH WKUHDG IRUP VKRZV WKDW WKHUH
LVQRVSDFHSRFNHW)LJ7KUHDGIRUPLQJ,ZKLFKLV
QRUPDOO\ H[SHFWHG DIWHU WKUHDG IRUPLQJ>@ 7KLV LV D
VLJQ WKDW WKH GLDPHWHU DW WKLV DUHD LV OHVV WKDQ UHTXLUHG
DQGWKLVFRXOGOHDGWRKLJKHUIULFWLRQGXULQJIRUPLQJ

0DWHULDO 7DSSLQJ
:DOOWKLFNQHVV
$= YF  PPLQ
WZ  PP )RUPLQJ YS  PPLQ
7KUHDGIRUPLQJ7DSSLQJ
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
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
)LJ7KUHDGVPDGHZLWKWDSSLQJDQGWKUHDGIRUPLQJ
7KHIRUPHGWKUHDGIODQN)LJ7KUHDGIRUPLQJ,,
VKRZV PLFUR IUDFWXUH ZKLFK FDQ EH DWWULEXWHG WR WKH
LQVXIILFLHQW IRUPDELOLW\ RI WKH PDJQHVLXP DOOR\ DW ORZ
WHPSHUDWXUHV 'XH WR KH[DJRQDO FORVHGSDFNHG FU\VWDO
VWUXFWXUH PDJQHVLXP KDV VOLJKW GXFWLOLW\ DW ORZ
WHPSHUDWXUH >@ ,Q WKUHDGLQJ ORZ WHPSHUDWXUHV FDQ EH
FRQILUPHGZLWKWKHPHDVXUHGWHPSHUDWXUHILHOGZKLFKLV
UHSUHVHQWHGLQ)LJ:LWKWKHVDPHVSLQGOHVSHHGWKH
WHPSHUDWXUH LQ WKUHDG IRUPLQJ 7PD[ & LV KLJKHU
WKDQ WKRVH 7PD[ & LQ WDSSLQJ (YHQ WKRXJK WKH
WHPSHUDWXUH LV IDU ORZHU WKDQ UHDOO\ QHHGHG IRU WKH
IRUPLQJRIPDJQHVLXP
,Q RUGHU WR VROYH WKLV SUREOHP RI PDJQHVLXP DOOR\
$= KDYLQJ OLWWOH GXFWLOLW\ DW URRP WHPSHUDWXUH WKH
ZRUNSLHFHPD\EHSUHKHDWHGRUWKHIRUPLQJWRROFDQEH
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SUHKHDWHG >@ VR WKDW WKHRSWLPXP WKUHDGSURILOHV FDQ
EHDFKLHYHG

0DWHULDO 7DSSLQJ
:DOOWKLFNQHVV
$= YF  PPLQ
WZ  PP )RUPLQJ YS  PPLQ
7KUHDGIRUPLQJ7DSSLQJ ,
$ $
7KUHDG/RQJLWXGLQDO GLUHFWLRQ
,,

)LJ6HFWLRQYLHZRIWKUHDGVPDGHZLWKWDSSLQJDQGIRUPLQJLQD
IORZGULOOHGKROH
7HPSHUDWXUH 7
   & 
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0DWHULDO 7DSSLQJ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7DSSLQJ )RUPLQJ
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7RRO
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
)LJ7HPSHUDWXUHILHOGLQWDSSLQJDQGWKUHDGIRUPLQJ
&RQFOXVLRQV
,QWKLVDUWLFOHDQHZDSSOLFDWLRQRIWKHIORZGULOOLQJLV
LQYHVWLJDWHG LQZKLFK EOLQG KROHV FDQ EHPDFKLQHG RQ
WKLQ ZDOOHG SURILOHV RI WKH PDJQHVLXP ZURXJKW DOOR\
$=7KUXVW IRUFH DQG WRUTXH LQFUHDVHZKHQ IHHG UDWH
LQFUHDVHV +LJK WHPSHUDWXUHV RFFXU GXULQJ GULOOLQJ
SURFHVV$Q LQWHUQDO WKUHDGZLWK JUHDWHU VL]H DQG GHSWK
WKDQ WKH ORFDO ZDOO WKLFNQHVV FDQ EH PDQXIDFWXUHG
WKURXJK WDSSLQJ 7KLV DSSOLFDWLRQ RIIHUV
DQXQSUHFHGHQWHG VROXWLRQ IRU WKH OLJKWZHLJKW GHVLJQ
ZLWK PDJQHVLXP DOOR\V )ORZ GULOOLQJ SURFHVV LV
GLVFXVVHG KHUH LQ GHWDLO )XUWKHU LQYHVWLJDWLRQV LQFOXGH
WKHYDULDWLRQRIWKHSHULSKHUDOVSHHGGXULQJIORZGULOOLQJ
RQZRUNSLHFHV RIGLIIHUHQW WKLFNQHVVHV DQG WKH DQDO\VLV
RI WKH TXDOLW\ RI KROHV PDQXIDFWXUHG 7KHLU SXOO RXW
VWUHQJWKVZLOOEHVWXGLHG
$FNQRZOHGJHPHQWV
7KHZRUNLVEDVHGRQWKHLQYHVWLJDWLRQVRIWKHSURMHFW
³/LJKWZHLJKW 'HVLJQ E\ $GYDQFHG )ORZ'ULOOLQJ
3URFHVVHV´ZKLFK LV NLQGO\ VXSSRUWHG E\ WKH*UDGXDWH
6FKRRO RI (QHUJ\ (IILFLHQW 3URGXFWLRQ DQG /RJLVWLFV
1RUWK5KLQH:HVWSKDOLD*HUPDQ\
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